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MACTOTHME XAPAKTEPHCTHKH 3ByKOB IIOJIETA 
H 35KOHCTOHOBBIX OPrAHOB 
CHMnATPHHECKHX KOMAPOB PO^A AEDES (CULICIDAE) 

H. A. TaMapHHa, P. 3. JKaimieB, M. B. Oe^oposa 

Mockobckhh rocy^apcTBeHHBiH yHHBepcHTeT hmghh M. B. JIoMOHOCOBa 

rtojiy^eHM ^acTOTHtie xapaKTepncTHKH 3ByKOB, B03HHKaK>iD;HX npn nojieTe neTtipex 
CHMnaTpH^ecKHX BiiffOB KOMapoB po,n;a Aedes . G noMom;i»io 3JieKTpo<|)H3HOjiorHHecKHX MeTO,n;oB 
ycTaHOBJieHO, hto ^>kohctohobbi opraHti caMijOB pearnpyioT Ha 3ByKH caMOK Bcex neTtipex 
BHffOB. 06cy>KflaeTCH bo3mo>khocti» ono3HaBaHHH caMu;aMH KOHCHeii;H(J)HHecKHX caMOK no 
OCHOBHOH naCTOTe HX 3ByKa. 

3ByKH, B03HHKaioin;He npn nojieTe KOMapoB, npe^CTaBJiniOT coSoh nepno- 
jpraecKHe KOJieSaHHH, ocHOBHan nacTOTa kotoplix onpe^ejineTCH nacTOTOH 
SneHHH KpmibeB. MHoronHCJieHHBie HaSjuo^eHHH CBH,n;eTejiBCTByK)T o tom, hto 
caMijBi KOMapoB npnBJieKaiOTCH 3ByKaMH JieTaiomHx caMOK h 6jih3Khmh no 
nacTOTHLiM napaMeTpaM ncKyccTBeHHLiMH cnmaJiaMH (Mayer, 1874; Roth, 
1948; Wishart a. Riordan, 1959). BocnpnHTne 3Byna ocyn^ecTBjmeTCH Rmou.- 
ctohoblimh opraHaMH (Mayer, 1874; Roth, 1948; Wishart a. o., 1962, n ,n;p.). 
B pe3yjitTaTe 3JieKTpo<|)H3HOJiorHHecKHx 3KcnepnMeHTOB 6bijio ycTaHOBJieHO, 
hto npn pa3,n;pa>KeHHH peijenTopoB HH3KonacTOTHLiMH 3ByKaMH bo btopom njie- 
HHKe aHTeHH B03HHKaeT cyMMapHLin noTemjHaJi, aMnjinTy^a KOToporo ,h;octh- 
raeT MaKCHMyMa b ^nana30He toctot, 6jih3Khx k ochobhoh nacTOTe 3Byna 
nojieTa caMKH (Tischner, 1953; 1955; Keppler, 1958a, 1958b; Belton, 1974). 

TaKHM o6pa30M, Kan 3TOJiornnecKne, Tan n 3JieKTpo(|)H3HOJiorHnecKHe r&h.- 
HLie no3BOJiniOT ewraTB, hto caMijBi KOMapoB MoryT pacno3HaBaTb n JioKaJin- 
30BaTb KOHcneijH^HnecKHX caMOK no 3Byny nojieTa. 0,n;HaKo bth blibo^li oc- 
HOBaHti Ha MaTepnaJiax, nojiyneHHLix npn H3yneHnn HeMHornx bh^ob, He 
KOHTaKTnpyion];Hx b npnpo^e. IIo3TOMy ,n;o cnx nop ocTaeTcn HencHLiM, Ha- 
ckojibko BejiHKn pa3JiHHHH b nacTOTHLix napaMeTpax 3ByKOB y CHMnaTpnne- 
CKHX BHflOB KOMapOB H oSjia^aiOT JIH ^(>KOHCTOHOBBI OpraHBI H36npaTeJIB- 
HOCTBIO, ftOCTaTOHHOH ftJIH HX pa3JIHHeHHH. 

jih pemeHHH 3thx BonpocoB mbi npoBejin aKycTHnecKHH aHajiH3 3ByKOB 
nojieTa neTBipex CHMnaTpHnecKHX bh^ob Aedes — A. communis G., A. punc- 
tor Mg., A. diantaeus H. D. K., A. cinereus Mg. — h nojiynnjiH nacTOTHO- 
noporoBBie xapaKTepncTHKH ^>kohctohobbix opraHOB caMijoB A. diantaeus 
h A. communis . 

MATEPHAJI H METOABI 

B OnBITaX HCn0JIB30BaJIH KOMapoB, OTJIOBJieHHBIX B OKpeCTHOCTHX Mockbbi. 
3ByKH, B03HHKaBniHe npn cboSo^hom nojieTe, 3anHCBiBaJin b JiaSopaTopnn 
Ha MarHHTHyio jieHTy h aHaJiH3HpoBaJin c noMonjBio nacTOTOMepa G4-34. He- 
paBHOMepHOCTB naCTOTHOH xapaKTepncTHKH BJieKTpo^HHaMHnecKoro MHKpO- 

$OHa b ,gHana30He 0.06—2 kTjj, He npeBBimaJia 4 ,n;B. IIpHMeHHBmaHCH anna- 
paTypa no3BOJiHJia aHaJiH3npoBaTB 3ByKH b ^HHaMnnecKOM ^Hana30He 45 ,n;E. 

flji h perncTpaipiH cyMMapHoii aKTHBHOCTH peijenropoB ^(>KOHCTOHOBa op- 
raHa b Tejio KOMapa bbo^hjih 2 3JieKTpo,n;a (cTaJiBHBie nrjiBi c ^naMeTpoM koh- 
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HHKa IOmkm). Oji;hh H3 hhx noMeipajm b ocHOBaHHenepHpejunoMa, ppyroii— 
b SpioniKo. BnonoTeHpnajiLi ycnjiHBajin c noMoipBio ycnjiHTejiH yBIIl-02 
n $oTorpa(|)HpoBajiH c anpaHa ocpnjuiorpa^a Cl-16. ^jih pa3ppa>KeHHH pe- 

penTOpOB HCn0JIB30BaJIH TOHaJILHLie 3ByKOBLie nOCBLJIKH pJIHTeJIBHOCTBIO 

po 300 mc (BpeMH HapacTaHHH aMnjiHTypBi — 10 mc). YpoBeHB 3ByKOBoro paB- 
JieHHH H3MepHJIH C nOMOipBIO MHKpO$OHa 4135 H MHKpO(|)OHHOrO yCHJIHTeJIH 
2604 $hpmli Briiel and Kjaer. 

OnBiTBi npoBopnjiH b 3ByK03arjiymeHHOH KaMepe npn BJianmocTH B03pyxa 
60—70% n KOHTpojinpyeMOH TeMnepaType. 

PE3YJILTATbI 

B nepBBix pa6oTax, nocBmpeHHBix aHajiH3y 3ByKOB KOMapOB, cooOipajiocB 
o tom, hto 3th HaceKOMBie, nopoSHo nrapaM, H3paioT pa3Hoo6pa3HBie cnr- 
HaJiBi, b HHCJie KOTopBix oTMenanncB cnepnaJiBHBie npn3BiBHBie 3ByKH (((ma¬ 
ting calls») (Kahn a. o., 1945; Offenhauser a. Kahn, 1949, h pp.). OpHaKo 9th 
npe^cTaBJieHHH BBi3BaJin KpnTnnecKne 3aMenaHHH ppyrnx HCCJiepoBaTeJieH 
(Beach, 1945; Roth, 1948) n He 6 bijih nopTBepncpeHBi b nocjiepyioipHx paSoTax 
(Wishart a. Riordan, 1959). B Tenemie MHoropHeBHBix Ha6jnopeHHH h 9Kcne- 



Phc. 1. HacTOTHLie cneKTpLi 3ByKOB noneTa caMOK neTLipex bhpob Aedes (npepcTaBjieHa 

HH3KOHacTOTHaa nacTt cneKTpa). 

1 — A. punctor, 2 — A. diantaeus , 3 — A. communis, 4 — A. cinereus. no och aScijHcc — nacTOTa 3ByKa 
(b Tp), no och opjnmaT— aMnjiHTyna (b %). 


pnMeHTOB HaM TaKnce He ypanocB 3aperncTpnpoBaTB y KOMapoB HHKaKnx cnr- 
HanoB, npoMe 3ByKOB noneTa. 

3ByKH, B03HHKai0H],He npn paBHOMepHOM noJieTe ophhohhbix KOMapoB, 
npe^cTaBJiHioT co6oh nepnopHnecKne KOJieSaHHH, paioipne rapMomraecKne jih- 
HennaTBie cneKTpBi c BBicoKoaMnjiHTypHBiM nnKOM b oGjiacra ochobhoh na- 
ctotbi n 3—4, pence 5—6, Sbictpo y£)BiBaioipHx no aMnjiHType rapMOHHK. Ypo- 
BeHB 3ByKOBoro paBJiemm Ha paccTOHHnn 1 — 1.5 cm ot HacenoMoro cocTaBJineT 
b cpepHeM 65 pE (oTHocnTejiBHo 0.00002 H/m 2 ). 

Tan nan ^hcohctohobbi opraHBi caMpoB He pearnpyioT Ha 3 ByKH, npeBBi- 
maioipHe 500 Tp (cm. panee), mbi cocpepoTOHHjm BHiMaHue Ha aHajiH 3 e hh3ko- 
nacTOTHoii Hacra cneKTpa, BKjnonaBHieH ocHOBHyio nacTOTy n 2 -k> rapMOHHKy 
(pnc. 1 , cm. TaSjmpy). 

ITpn 24 ° cpepmie 3HaneHHn ochobhbix nacTOT y caMOK JiencaT b pnana30He 
308—404 rp (mnpHHa noJiocBi 96 Tp), a y caMpoB — b npepejiax 503 — 566 Tp 
(mnpnHa noJiocBi 63 Tp). TaKHM o6pa30M, y oco 6 en pa3Horo noJia 3 th cneK- 
TpajiBHBie KOMnoHeHTbi He nepeKpaiBaiOTCH. Y KoHcnepn^HnecKHx caMpoB h 
caMOK H3yneHHBix bhpob pa3JiHHHH Mencpy hhmh KOJieSjnoTcn ot 162 po 208 Tp. 

CneKTpBi 3ByKOB caMOK He nepeKpaiBaiOTcn (no ypoBHio 0 . 3 ), ho HHTepBajiBi 
Mencpy nx ochobhbimh nacTOTaMH He npeBBimaiOT 100 Tp ( 20—96 Tp). Y caM- 
poB nacTOTHBie pa3JiHHnn BBipanceHBi b MeHBineii cTeneHn: nx cneKTpBi nepe- 


399 






MacTOTEiue xapaKTepncTHKH BByKOB nojieTa neTbipex bhaob Aedes 


Bha 

TeMnepaTypa 
(B °C) 

OcHOBHan nacTOTa, (F x ), 

Tu; M+m 

2-h rapMOHHKa (2 F+ Tu; 
M+m 

caMAbi 

caMKH 

caMAbi 

| caMKH 

A. communis 

24 

555+14 

350 + 8 

1110 + 24 

720+24 

A. punctor 

24- 

503+17 

308 + 10 

1024 + 29 

633+25 

A. diantaeus 

24 

538 + 20 

330+13 

1080 + 27 

673 + 24 


28 


380 + 22 


810 + 36 


32 


412 + 22 


823 + 35 

A. cinereus 

24 

566 

404 + 19 

1150 

810+44 


KpLIBaiOTCH, a HHTepBaJILI Me2K,a;y OCHOBHLIMH HaCTOTaMH KOJieSjIIOTCH OT 11 

AO 63 Td;. 

3bykh caMOK A. diantaeus 6lijih 3apemcTpiipoBaHLi npn Tpex TeMnepaTyp- 
hlix 3HaB:eHHHx (pnc. 2, cm. TaSjrapy). H3MeHemie TeMnepaTypti ot 24 ao 
32° BLi3LiBajio noBHineHHe ochobhoh nacTOTM Ha 80 Tp, t. e. b cpe^HeM no 
10 Tp H a 1°. 

B pe3yjitTaTe perncTpapHH cyMMapHOH aKTHBHocTH ^>kohctohoblix op- 
raHOB caMpoB A. diantaeus h A • communis 6lijih noJiyneHLi nacTOTHo-noporo- 



Pnc. 2. 3aBHCHMOCTB OnTHMaJIBHBIX na- 
CTOT ^JKOHCTOHOBLIX OpraHOB CaMAOB H 
OCHOBHOH HaCTOTLI 3ByKa nOJieTa caMOK 
A. diantaeus ot TeMnepaTypH. 

1 — onTHMajibHaa nacTOTa peAenTopoB caMu;a, 

2 — ocHOBHan nacTOTa 3ByKa nojieTa caMKH. 
BepTHKajibHbie nepTOHKH — ohihCkh cpeAHHX. 
no och aOciEHCC — TeMnepaTypa (b °G), no och 

opaHHaT — nacTOTa 3Byna (b Ta)- 


Phc. 3. lacTOTHO-noporoBbie xapaKTepn- 
CTHKH ^JKOHCTOHOBLIX OpraHOB CaMAOB 
A. diantaeus (/) h A. communis (2) npn TeM- 
nepaType 24° G. IIo och a6cu;HCc — na- 
CTOTa 3Byna (b rip, no och opAHHaT — hh- 
TeHCHBHOCTb 3ByKa (b aB). 


BLie xapaKTepncTHKH, npeACTaBJieHHLie Ha pnc. 3 (TeMnepaTypa 24°). Ilpn 
ypoBHe 3ByKOBoro A^BJieHHH 70 rB pepenropLi oTBenaioT Ha 3ByKH b A^ana- 
30He 80—450 Th;. IIomDKeHHe hht6hchbhocth CTHMyjia npnBOAHT k nocTeneH- 
HOMy coKpameHHio oSnacTH BocnpnHHMaeMLix nacTOT; Tan, y A. diantaeus 
Ha ypoBHe 40 aB 0Ha BKjnonaeT nacTOTLi ot 210 ao 350 Th;. MnHHMaJitHLie 
noporn peaKpHH (27—30 aB) Jie>naT y A. diantaeus b oSnacTH 270—300 Tp, 
y A. communis — 300—320 Tu;. B h+jiom nacTOTHo-noporoBan KpHBan no- 
cJieAHero bha^ cMein;eHa b cTopoHy blicokhx nacTOT. Ha 3ByKH, npeBLiniaioHpie 
no nacTOTe 500 Th;, ^>kohctohobli opraHLi He pearnpyioT. 

H3MeHeHne TeMnepaTypti 0Ka3LiBaeT cyin;ecTBeHHoe bjihhhhc Ha nacTOTHtie 
xapaKTepncTHKH ^>kohctohoblix opraHOB. Y caMpoB A. diantaeus noBLinieHHe 
TeMnepaTypti ot 24 ao 32° npHBOAHJio k CABHry nacTOTHo-noporoBOH kphboh 
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B CTOpOHy BLICOKHX HaCTOT (pHC. 2). IIpH 9TOM OnTHMaJILHaH HaCTOTa nOBLIina- 

jiacL c 280 a o 420 Tp, t. e. Ha 140 Tp, ho MHHHMajiLHLie noporn peaKpnn coxpa,- 
hhjihcl Ha npenmeM ypoBHe. 


OBCY5KJ1EHHE PE3YJIBTATOB 

Ha6jiK>AeHHH, npoBo^HBinnecH HaMH b ecTecTBeHHBix ycJiOBHHx, noKa3ajin, 
hto, HecMOTpa Ha npHcyTCTBHe b 30He poeHHH A . diantaeus caMOK Tpex APy- 
rnx bhaob Aedes, caMpBi KonyjinpyiOT tojilko c KOHcnepH^HHecKHMH caMKaMH. 
Ecjih ajih hx ono3HaHHH ncnoJiL3yioTCH 3ByKH noJieTa, to caMpBi aoji>khbi 06- 
jia^aTL cnoco6HocTLio pa3JiHHaTL 3ByKOBBie KOJie6aHHH, B03HHKaioH^He npn 
nepeMeipeHHH KOHcnepn(f)HHecKHx n reTepocnepncJjHHecKHx caMOK. CorjiacHo 
o6m;enpHHHTOMy mhchhio, A- 11 # 3thx pejieii aoji>khbi HcnoJiL30BaTLCH npenMy- 
ipgctbghho nacTOTHLie napaMeTpLi Tannx 3ByKOB. 

Pe3yjiLTaTLi npoBeAeHHoro HaMH nacTOTHoro aHaJiH3a CBHAOTejiLCTByioT 
o tom, hto ocHOBHLie HacTOTLi 3ByKOB caMOK jiG>KaT b cpaBHHTejiLHO y3KOH no- 
jioce (308—404 Tp), a pa3JiHHHH MGHpjy hx cpeAHHMH 3HaneHHHMH (npn 24°) 
y A. diantaeus h Apyrnx bhaob kojigSjiiotch ot 22 a<> 74 Th;. 

Moray TeM 9JieKTpo$H3HOJiorHHecKHe bkchgphmghtbi nonasajin, hto 
^>kohctohobli opraHLi caMpoB A. diantaeus n A. communis pearnpyiOT Ha 
3ByKH B OTHOCHTeJILHO HIHpOKOH nOJIOCe HaCTOT — OT 80 RO 500 Tl\. B 9TOT 
Anana30H He nonaAaiOT 3ByKH caMnx caMpoB h rapMOHHKH (HannHaa co 2-h) 
caMOK, ho b Hero bxoaht ocHOBHLie aacTOTBi caMOK Bcex aeTBipex bhaob. 

Ha ocHOBaHHH 9Toro mo>kho cAGJiaTB oaho H3 AByx npeAnoJio>KeHHH: jih6o 
AonycTHTB cyipccTBOBamiG b cjiyxoBoii cncTeMe KOMapoB MexaHH3MOB, o6ec- 
nGHHBaioipHx pa3JiHHGHHG 3ByKOB no aacTOTe c tohhoctbio ao hgckojilkhx 
AecHTKOB Th;, jih6o npn3HaTB, hto caMpBi He MoryT pa3JiHaaTB 3ByKH CHMna- 
TpnaecKHx caMOK no 9TOMy npH3HaKy. IIpoBOAHBHiHecH HaMH aTOJiornnecKHe 
9KcnepHMeHTBi, pe3yjiLTaTBi kotopbix SyAyT onySjiHKOBaHBi no3AHee, cbhag- 
TeJILCTByiOT B nOJIL3y BTOporO H3 9THX npeAnOJIOHCeHHH. 

CpaBHeHne nacTOTHBix xapaKTepncTHK ^>kohctohobbix opraHOB caMpoB 
co cneKTpaMH 3ByKOB KOHcnen;H(|)HHecKHx caMOK noKa3ajio, hto mg2kay oc- 
HOBHOH naCTOTOH H OnTHMaJIBHOH HaCTOTOH pGpGnTOpOB HMeiOTCH pa3JIHHHH, 
KOTopBie yMeHBHiaiOTCH c poctom TeMnepaTypBi. Ilpn TeMnepaType 24° y A. di¬ 
antaeus ohh AocraraiOT 50 Tp, npn 28° — 30 Tp, a npn 32° npaKTnnecKH hc- 

ne3aiOT. 

9th pa3JIHHHH M02KHO o6t»HCHHTB TeM, HTO B 9JieKTpO(|)H3HOJIOrHHeCKHX OnBI- 
Tax caMpBi 6bijih hghoabh>khbi, a 3ByKH perHCTpnpoBajm y cboSoaho JiGTaio- 
id;hx caMOK. KaK h3bgctho, bo BpeMH nojieTa TeMnepaTypa Tejia y HaceKOMBix 
Ha HecKOJiBKo rpapycoB npeBBimaeT TeMnepaTypy onpyamioipeii cpepBi, npn- 
hgm 9th pa3JiHHHH yMeHBHiaiOTCH npn noBBimeHnn TeMnepaTypBi (Sotavalta, 
1947; Esch, 1976, h aP-)- CjieAOBaTejiBHO, ecTB ocHOBaHHH npeAnojiaraTB, hto 
b ecTecTBeHHBix ycJiOBHHx y jieTaioipnx KOMapoB ^>kohctohobbi opraHBi caM- 
poB Bcerpa «HacTpoeHBi» Ha ocHOBHyio nacTOTy 3Byna KOHcnepH(f)HHecKHX 
CaMOK. 


JlHTepaTypa 

Beach F. A. 1945. Angry mosquitoes. — Science, 101 : 610—611. 

Belton P. 1974. An analysis of direction finding in male mosquitoes. — In: Expe¬ 
rimental analysis of insect behaviour. Spr. Yerl. Berlin—Heidelberg — N. Y. : 
139—148. 

Esch H. 1976. Body temperature and flight perfomance of honey bees in a servo- 
mechanically controlled wind tunnel. — J. comp, physiol., A109 : 265—277. 
Kahn M. C., Celestin W., Offenhauser W. 1945. Recording of sounds, 
produced by certain disease-carrying mosquitoes. — Science, 101 : 335—336. 
Iv~e p p 1 e r E. 1958a. Uber das Richtungshoren von Stechmiicken. — Z. Naturf., 13b: 

■ ‘ 280-284. 

Keppler E. 1958b. Zum Horen von Stechmiicken. — Z. Naturf., 13b : 285—286. 
Mayer A. M. 1874. Experiments on the supposed auditory apparatus of the mosquito. 
Amer. Nat., 8 : 577—592. 

Offenhauser W., Kahn M. C. 1949. The sounds of disease—carrying mos¬ 
quitoes. — J. Acoust. Soc. Amer., 21 : 259—263. 


3 napa3HTOJiornH, 5, 1980 r. 


401 



Roth L. M. 1948. A study of mosquito behaviour. An experimental laboratory study 
of sexual behaviour of Aedes aegypti. — Amer. Midi. Nat., 40 : 265—352. 

Sotavalta 0. 1947. The flight-tone (wing-stroke frequency) of insects. — Acta 

ent. Fenn., 4—5 5—117. 

Tischner H. 1953. Uber den Gehorsinn von Stechmiicken. — Acustica, 3 : 335—343. 

Tischner H. 1955. Gehororgan und Fluggerausch bei Stechmiicken. — Umschau 
in Wissenschaft und Technik, 55 : 368—370. 

Wishart G., Riordan D.F. 1959. Flight responses to various sounds by adult 
males of Aedes aegypti. — Can. Ent., 91 : 181—191. 

Wishart G., van Sickle C. R., Riordan D. F. 1962. Orientation of ma¬ 
les Aedes aegypti (Diptera, Culicidae) to sound. — Can. Ent., 94 : 613—626. 


FREQUENCY CHARACTERISTICS OF FLIGHT SOUNDS 
AND JOHNSTON'S ORGANS OF SYMPATRIC MOSQUITOES 
OF THE GENUS AEDES (CULICIDAE) 

N. A. Tamarina, R. D. Zhantiev, M. Y. Foedorova 
SUMMARY 

Investigation of sounds arising during the flight of four sympatric species of mosqui¬ 
toes of the genus Aedes has shown that at 24C the main frequences of females are in the ran¬ 
ges of 308 to 404 Hz and those of males from 503 to 566 Hz (Fig. 1, Tab.). In the first 
instance interspecies differences vary from 20 to 96 Hz, in the second — from 11 to 63 Hz. 
It has been established by means of electro physiological methods that Johnston’s organs 
of males of A . diantaeus and A . communis at 24C respond to sounds of 80 to 500 Hz (mi¬ 
nimum thresholds of reaction are from 27 to 30 dB) (Fig. 3.). Small differences between 
main frequences of sounds of females and optimal frequences of auditory organs of males 
depend on the temperature (Fig. 2) and can be accounted for by the body temperature 
of flying females increasing that of males. Johnston’s organs of males respond to sounds 
of females of all four species. 



